and primer-3 introducing a PstI site just upstream of the gene encoding the small subunit, using pSH253 as a tem plate. The PCR product was cleaved with PstI and the PstI fragment (0.8kb) was ligated with pGGTSignal (4.4kb) cleaved with PstI, to produce the plasmid pGGTSmall (5.2 kb) encoding only the signal peptide and the small subunit. Then, the plasmid pKKSmall encoding the signal peptide and the small subunit just downstream of the tac promoter was constructed as follows. PCR was performed between M13 reverse primer and primer-4 introducing an EcoRI site just upstream of the initiation codon of ggt, and using pGGTSmall as a template. The PCR product was cleaved with EcoRl and HindIII, and the EcoRI-HindIII fragment (0.9kb) was ligated with the larger fragment (4.6kb) of plasmid pKK223-3 (26) also cleaved with EcoRI and HindIII, to produce pKKSmall (5.5kb). Construction of Plasmid pHW185Small-Plasmid pACYC184 (27) carries the origin of replication from plasmid p15A, which is compatible with vectors such as pKK223-3, which carries the ColEl origin. pKKSmall was cleaved with BamHI and Dral. The smaller BamHI-DraI fragment (1.9kb) of pKKSmall containing the DNA encod ing the signal peptide and small subunit in that order between the tac promoter and the ribosomal terminator, was ligated with pACYC184 cleaved with BamHI and EcoRV (4.1kb), to produce the plasmid pHW185Small (6.0kb).
Determination of Specific Activity on Western Blot Analysis-The Western blot profiles were read with a scanner, and densities of these protein bands were quanti fied with a Macintosh Centris 650 computer (Apple Com puter) using an NIH Image 1.54 Program. Specific activity was calculated as activity divided by density. Fig. 2 . HPLC profile of purified GGT with reversed-phase HPLC column COSMOSIL 5C18-AR-300 and SDS-PAGE analysis of peak 1, peak 2, and purified GGT. HPLC profile: peak 1 and peak 2 were eluted at retention times of 70 and 88 min, respectively. The solid line shows absorbance at 280nm and the broken line shows concentration (%) of solvent acetonitrile. SDS-PAGE: a portion of peak 1 and peak 2 separated by reversed-phase HPLC, and purified native GGT were subjected to SDS-PAGE, followed by silver stain ing. L and S indicate the positions of the large and small subunits, respectively. Fig. 3 . Ion spray mass spectra of peak I and peak 2. Peak 1 and peak 2 separated by reversed-phase HPLC were subjected to ion spray mass spectrometry. Upper mass spectra are ion spray mass spectra. The numbers above the peaks are the m/z and the predicted charges. Lower mass spectra are deconvolution mass spectra. A, peak 1; B, peak 2. and HW504 (+GGT), and purified native GGT were subjected to native-PAGE, followed by Western blot analysis (Fig. 7) . HW470 (+Large, +Small) and HW504 (+GGT) showed bands with the same mobility as the purified native GGT on the gel, and these bands were also recognized by anti-E. coli GGT antibody. Roughly compar ed, the specific activity of the periplasmic fraction of HW470 (+Large, +Small) was approximately one forti subunits derived from bacteria and small subunits from mammals. Each of the subunits expressed from recombinant plas mids was secreted into the periplasmic space. In Fig. 6 , all strains gave a band corresponding to a molecular weight of 21.5 kDa, and HW460 (+Large) and HW470 (+Large, +Small) possessed a protein of 26 kDa. The protein of 21.5 kDa might be derived from the destructed ggt of HW459 (-GGT), and the protein of 26 kDa from the large subunit by abnormal proteolysis. The reason for the small amount of independently expressed subunits seemed to be their susceptibility to proteolytic enzymes, probably because of their unfolding or incorrect folding. The strain producing either the large subunit or the small subunit exhibited no enzymatic activity, but when both were co-produced in the same cell from the independent plasmid, GGT activity was partially recovered. This result is largely compatible with the result of separated subunits by HPLC. Native-PAGE followed by Western blot analysis (Fig. 7) suggested that the large subunit and the small subunit expressed indepen dently can associate and be folded into an active structure as native GGT. To our knowledge, all GGTs that have been cloned from bacteria to mammals are synthesized from a single mRNA. So, it is very interesting that the mutant GGT consisting of the independently expressed large and small subunits exhibits the enzymatic activity in vivo. Interestingly, folding seemed to occur only after the sub units were secreted into the periplasmic space, because no GGT protein or activity could be detected in the cytoplas mic fraction or the membrane fraction. The reason why no large or small subunit was detected in the periplasmic fractions of HW460 (+Large) or HW473 (+Small) on native-polyacrylamide gel may be the heterogeneous com position of the large subunit and small subunit produced alone, which might be not correctly folded or unfolded in the cells.
RESULTS

Separation
The specific activity of the periplasmic fraction of HW470 (+Large, +Small) was much lower than that of HW504 (+GGT). This indicates that it may be difficult for the expressed large and small subunits to associate and/or be folded in a suitable conformation, and that only a portion of the associated molecules fold into an active structure. It is also conceivable that the artificially added signal peptide remaining at the N-terminal of the small subunit disturbs the association.
There have been reports that the propeptide of rat kidney GGT exhibited less than 2% of the transpeptidase activity shown by the dimeric enzyme (29), and that each subunit of rat kidney GGT separated by SDS and urea exhibited no enzymatic activity (30). We have been suc cessful in obtaining mutant precursors of E. coli GGT which have a replaced amino acid residue at the processing site between the large and small subunits and which undergo partial processing (13). Although the mutant precursors exhibited no enzymatic activity, the processed products exhibited GGT activity (13). These previous reports and the results of the present study suggest that the active site resides in the interface between large and small subunits, and that the processing of the precursor into heterodimeric form is necessary for formation of the active center. The correct association and folding of both subunits are pro bably necessary in order to construct the proper structure of active site and to express the enzymatic activity. The prior synthesis of GGT in its precursor form and subse quent processing seem to be necessary steps for the intact structure of GGT to be constructed most effectively.
